Thermally safe operation of a semi
Introduction
The safe operation of a semi-batch reactor has been investigated in detail for homogeneous reaction systems by Hugo and Steinbach [l. 2, 31 . They clearly showed that runaway reactions can suddenly occur in exothermic reaction systems after a severe accumulation of unreacted material. Key factors in the process of accumulation are the maximum temperature rise in the absence of cooling, the cooling capacity and the reaction rate at the start. In a diagram covering the above key factors they have Indicated important reaction patterns such as poor conversion, severe accumulation followed by a runaway or sufficiently high reaction rate right from the start.
In this study we will report on the behaviour of heterogeneous liquid-liquid reaction mixtures in a semi-batch reactor.
Mathematical model for liquid-liquid reactions in a semi-batch reactor Tbe_maas_&4laosze
In an indirectly cooled semi-batch reactor component B is present right from the start and the second component A is added at a constant feed rate until a desired stoichiometric ratio has been reached.
The components A and B are either pure or diluted with inert solvents. A and B react under the formation of the products C and D. The heat of the reaction is removed by a flow of coolant through a cooling coil or a jacket. The general set-up of such a cooled semi-batch reactor is sketched in Fig. 1 . The temperature in the reactor and the concentrations of components A and B as functions of time can be found by solving the heat and mass balances over the reactor. 
A dimensionless time B is now introduced by dividing the time t by tD:
The stoichiometric ratio is reached if e = 1. In this study we will a33ume that at 8 = 1 the supply of A is indeed stopped. Excess or underdelivery of A is obtained by stopping at 8 > 1 or 0 < 1 respectively.
The relative volume increase E during the supply period is defined as:
The following statements are valid if 0 > 1: i) for EB read E ii) for (0 -5B) or e -5B (7 ) read (l-5B) The total volume V at the time t can now be found as:
It is required to determine the individual volumes of phases c and d, a3 the concentrations Of A and C are referred to phase d and those of B and D to phase c. A simple approach is to assume:
The dispersed volume Vd is given by:
Heat balanre The ratio of specific heats will be introduced as:
The conversion sB of component B -present right from the start is defined as 5B = "Bo-"B "Bo
and the heat of reaction will be expressed in the adiabatic temperature rise ATad o based on the , initial volume in the reactor 
In Equation ( 
In Eqn. 
The distribution coefficients will be defined such that a low Value means a low solubility in the other phase:
and mB (26) (28) replaces the solution of Eqn. (17),for 2 = 1 and for the interval 0 < B C 1, for any realistic combination of E, RH, ATad o and U Da. Evidently, the target temperature is the steady state temperature for an instantaneo;s reaction if the reactor contents at 0 = 0 are already heated up to the steady state temperature. In all calculation runs it was found that the temperature-based accumulation criterion, reading "the reactor temperature just touches but does not intersect the Tm-line". works adequately and yields the following results: the maximum value of MA is between 0.1 and 0.2 and the maximum dr;B . r just after the accumulation is usually 2.5 * 1.0. A possible reason for the success of this criterion (though not seeming accurate as the warming-up period is neglected) is that the form of the T, vs. 0 curve allows a small temperature excursion just before the reaction temperature is "brought back" by the cooling system. The events of interest for the operation of a SBR and for the design of its cooling system are shown in Fig. 4 , where the course of the reactor temperature is plotted as a function of time. In case 1 the target temperature T, is approached during the major part of the supply period, the reaction is well ignited. For cases 2, 3 and 4 the reaction mixture is strongly cooled and the target temperature 1s approached only once. for case 2 during, for case 3 at the end of and for case 4 after the supply period.
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